
Special Report 81-15 LVL 2
July 1981 -

'"LIMNOLOGICAL INVESTIGATIONS:
SLAKE KOOCANUSA, MONTANA

1. ~ PART 5: PHOSPHORUS CHEMISTRY OF SEDIMENTS

I.K. Iskandar and S.S. Shukia

.4)

Ic~ Prepared in cooperation withW U.,S. ARMY ENGINEER DISTRICT, SEATTLE

~ ~ UNITED STATES ARMY CORPS OF ENGINEERS
COLD REGIONS RESEARCH AND ENGINEERING LBRTR
HANOVER, NEW HAMPSHIRE, U.S.A.

Approved for public release; distibution unlimited. 8 1 0 7
81 11 09 17

- U.4.



3-_ -, ----

FORE WORD

The Kootenai River basin, Libby Dam and the resulting Lakd'Ko6canusa have
been of initerest to CHREL investigators since the miid-1970's.-We have focus~d-i
a number of cold regions remote sensing; water quality, -and limin olcal prob-
lemns, Of ijarticular. interest are those associated-, ith~wihter ice, co Ver, spring
snowmelt runoff, and low temperature chemical riecti6fis, ,n sled imiiets -and in.
the water column, Since CRREL and the SeAttle Dbistric't,,have - conducted a
number of short,,and long term studies on, the Kooteniai Rivei Arnd ake

. Koocanusa,Ave considered it appropriate to make the resfults~ocfihbse inivestiga-
ti6dis readily available in a. series of -repoits. -heieford, -we,-Are issig:theie
results in the CRREL SpeciAlReport- series wider the-overall title Limliologicalin-
vest igatiohs: Lake Kbocahusa, Moritana;

Part 1: Pie-inioibundtnhentstudy: q96/-19 i, with~appiendix, -Basic data

-,-Part 2: EnvironinentaIanjlyses.iri the Kootenai Ri-i~gion,. Mo~Itajha
-. (Reprint, of CRREL'Sp) cial[Rep6rt,6-13) I

PNrt 3.: Basic data; post~irmpouid'iiint: 19724 1978

TPail 4:-Factors controllin'gprirhiary pioductivit y

-. Pail 5:Phosporus,'chimiistry~of'sedithetits

.Cbver:.Libby Wiam and' Laker Koocahusa, Mon-

-I tEngidnerbDistiict; Seattle.)
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PREFACE

This report was prepared by Dr. I.K. Iskandar, Research Chemist, Earth Sci-

ences Branch, Research Division, U.S. Army Cold Regions Research and Engineer-
ing Laboratory and Dr. S.S. Shukla, formerly of the Department of Soil Science,
University of Wisconin, Madison. The study was supported by the Corps of Engi-
neers Civil Works Program, Environmental Quality/Environmental Impact; Sub-
program, Cold Regions Environmental Impact; Work Unit CWIS 31111, Environ-
mental Criteria for Resource Management in Cold Regions and by DA Project
4A161101A91D, In-House Laboratory Independent Research; Work Unit FY79
(298)IFY80 (308), Sediments as Buffers and Sinks of Nutrients in Cold Regions
Water Bodies.

The authors express their appreciation to Dr. J. Brown, Chief, Earth Sciences
Branch, CRREL, for arranging financial support for the-initial stages of the pro-
ject; R. Bush, U.S. Army Engineer District, Seattle, who arranged the field trip for
sampling; and M. Briggs, Libby Dam, who provided assistance with sampling loca-
tions and background information on the terrain before and after construction.
S.G. Halaka of the University of Wisconsin, Madison, is also gratefully acknowl-
edged for analyzing some of the samples, This report was technically reviewed by
J. Helms, Hydrology and Hydraulics Branch; P. Storm and R. Bush, Environmental
Resources Section, U.S. Army Engineer District, Seattle; and Dr. I.E. Hobbie,
CRREL Consultant, Marine Biological Laboratory, Woods Hole, Massachusetts.

The contents of this report are not to be used for advertising or promotional
purposes. Citation of brand names does not constitute an official endorsement or
approval of the use of such commercial-products.
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LIMNOLOGICAL INVESTIGATIONS:
LAKE KOOCANUSA, MONTANA
PART 5: PHOSPHORUS-CHEMISTRY OFSEDIMENTS

I.K. Iskandar and SS. Shukla

INTRODUCTION Sinc6 1972, the Settid Distr ct of the Corpsof
Engifiees,-through contracts with the'U.S. Geo-

Libby Dam is situated in the northwestern part logical Survey, the University of Montana and
of Montana, and it-forms a reservoir with a gross the University of Idaho, has been collecting
water storage capacity of 5,809,000 acre;ft at a water quality and limnological data from several
normal full-reservoir elevation of 2459 ft above locations in the lake.
mean sea level. The Corps of Engineers began During the period 15z-17 August 1977 a-milti-
construction of Libby Dam in the spring of 1966 dis'ciplinAry.team from CRREL, the Seattle Dis-
and completed the impoundment of the Koo- trict, the U.S.G.S., the Montana, Department of
tenai River in March 1972. The resulting reser- Fish 'and Game, the 'University of Idahb; the
voir. (named Lake'koocanusa) occupies a long, Marine Biological Laboratory (Woods Hole,
narrow valley between, steeply sloping moun- Massachusetts), and the-University of Wisconsin
tains. These surrounding mountains are rocky, (Madison) conducted anofiteisiVe inlake study.
with a scant soil cover, but have a fairly thick The Objective was to gain-information on'lake
vegetative cover, primarily composed of pine processes that would help in interpretingthe
trees. The rocks are metamorphic, with siltstone data obtained' from routine analyses over the
the most extensive,,Sonar fathometer runs show past.yea:s,.Previous monitoring efforts centered
the steep slopes of the old mountains on the bot- mainly onthe water column, with very limited
tom of both sides of the reservoir, with occas- data gathered on sediment composition or the
ional sites having flat benches. chemistry of the sediment/water interface. Phos-

A preimpoundment study of the river (Bonde phorus (P) is usually considered the, limitingfacl
and Bush 1975) found nutrient concentrations tor in open water eutrophication (Lee et al. 1978)
and loadings to be sufficiently high to predict and sediments generally: control (as a buffer or
the development of a eutrophic lake after im- sink) P levels in the overlying water. Previous
poundment. The prediction seems to be accu- analyses of Lake6loocanusa sediments included'
rate because during the fall of 1974 and late only, tqtaI,-Pw, hich does not reflect the nature of
summer and fall of 1975 extensive blue-green al- its bindinrg and availability-for aquatic plants.
gal- blooms were observed in the lake (Hobbie Variation overtime-6f6otal P in sedimenti from
1976, Bush and Bonde 1977). the'same I6cation-wis'repoited-to be extremely

The reservoir is a recent man-made-lake in an Ijige,(data~fr.6m October 1972,and June 1973 at
area which has a low in situ native soil cover. It the border station were reported to be 720 and
has a very low sedimentation rate, primarily be- 13"/ g'P4 sediinehtespetiviy).
cause of a very low sediment load that is be- The 6jectives of this report,are to discuss the
lieved to be about 1,000 acre-ft/year. hatureof P in sediments from selected locations
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in Lake Koocanusa, to correlate the amounts extremely helpful in locatingthe old river chan-

and forms of P found to other sediment charac- fiel, which was the only assured place for col-

terisiics, and to assess the potential eutrophic lecting sediments from this relatively dtep reset-

status of the lake if P is the limiting factor. voir. Most of the lake bottom is too steep for

sediment deposition. General procedure was to

first sample the shallower flat benches (located

MATERIALS AND METHODS by sonar), and if unsuccessful; this was followed

by sampling the old river channel.

Sediment collection 
Twenty sediment samples were collected on

Initially, sediment samples were collected 16 and 17 August 1977 using a Ponar dredge.

along length and width cross sections of the lake Table 1 lists the sampling location, depth, and

at the established water quality stations. How- approximate distance from reservoir banks.

ever, sediment sampling along the width cross After collection, the samples were sealed in

sections did notyield sufficient material because glass containers and stored at 40C.

of a lack of soft bottom sediments, even on

some of the flat benches. As a consequence, Sample preparation and analysis

samples were collected along longitudinal tra- The sediments were well-mixed with a plunger

verses of the old Kootenai River Channel at more before subsamples from the glass containers

places than the established water quality sta were analyzed. the weight of solids in the bulk

tions. 
samples was determined by drying at 1100C

A total of 12 longitudinai stations were se- overnight.

lected between the dam site (Forebay area) and Short-range order (amorphous) hydrous Fe and
the U.S.-Canadian border, a distan ce of approxi- Al oxides were extracted by acid ammonium ox-

mately 42 miles (Fig. 1 and Table 1). Sonar was alate (Saunders 1965), and are hereafter referred

Worner*

Kik mun Creek

Lake 
.

0 ' CANADA

I kBritish 

Columbia .

Dodge Creekf, 0 ecr ,Word USA

Lake Koocbnusa Eureka

Bridge Pinkham Creek

aig Creek~Sutton creek

British Columbia.._ _ Parsnip Creek

TenMile Creek

Bristow Cr.ek ive Mile Creek

SBarroni C reek Cripple Horse Creek

Llbb Dam 
Libbyo DamaL

a. General location of lake. b. Area immediately around take.

Figure 1. Location of Lake Koocanusa. b
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Table 1. Location of sediment samples.

Approximate distances

Overall Distance from
Sample Depth width shore"
number Location (It) (It) (t).

1 Upstream of Tobacco River
(Canadian border) 114 6000 1000 E

2 Upstream of Tobacco River 132 6000 M
3 Tobacco River (mouth) 120 6000 600 W
4 '/ mile south of Rexford bench 129 6500 M
5 t/4 mile south of Rexford bench 132 -6500 150 E
6 mile south of reservoir bridge 184 4500 350 W
7 '%s mile north of Sutton Creek 156 4000 k/:, E
8 1/2 mile north of Sutton Creek 186 4000 M
9 1000 ft north of Big Creek 168 4000 300 W

10 1000 ft north of Big Creek 192 4000 M
11 ',s mile south of Parsnip Creek 216 3500 900 W

4 12 / mile south of Parsnip Creek 198 3500 M
13 Ten Mile Creek 160 6500 M
14 Ten Mile Creek 235 6500 M
15 Five Mile Creek 165 6000 2000 E
16 Barron Creek 170 5200 1000 E
17 Barron Creek 270 5200 350 W
18 Yarnell Island 282 4400 300 E

(off island)
19 Forebay 256 3200 M

, 20 Forebay (straight from moorage) 304 3200 2400 W

*E -Approximate distance from the East bank.
W -- Approximate distance from the West bank.
M-Middle

to as Ox-Fe, Ox-A and Ox-P. The Fe, Al and P dium hexametaphosphate). The texture of the re-
were determined in oxalate extracts after de- sultant sediment mineral dispersion was deter-
stroying.the oxalate by oxidation with HNO,-HCI mined by use of a calibrated hydrometer (Bouy-
on a sand bath followed by ignition at 450oC. odcos 1927).
The Ox-Fe and Ox-Al were determined by the To assess the ability of the sediment to sorb or
Ferron method (Rainwater and Thatcher 1960), release added inorganic P, a series of experi-
and Ox-P by the phosphomolybdate method ments were conducted in the laboratory. For the
(Murphy and Riley 1962). sorption study, an equivalent volume of wet sed-

The total and inorganic P in the sediments iment containing 1 g of dry-weight sediment was
were extracted by the method of Mehta et al. placed in a centrifuge tube and diluted to bring

(1954), converted to ortho-P and determined by the weight of the liquid phase to 25 g. Then 25 ml
the phosphomolybdate method (Murphy and Ri- of 0.2 M NaCI, containing the desired Amounts
ley 1962). Organic P was calculated by subtract- of inorganic P as KHPO,, was added. rhe am-

ing inorganic P from total P. pleswere shaken on an end-over-end shaker for
The pH of the sediments was measured by pH 24 hr at 250C, centrifuged, and then an aliquot

electrode, and the taCO concentration deter- of the supernatant was taken for the determina-

mined by a manometric procedure (Leo 1963). tion of the equilibrium P concentration using the

Organic C was determined by oxidation with phosphomolybdate method of Murphy and Riley

HSO,-KCrO, (Walkley and Black 1934), and a (1962). The quantity of P sorbed was then calhu-

factor of 1.72 was used to convert organic C to lated from the difference between P added and

organic matter (this factor is customarily used P remaining in solution. Two levels of added P

by soil scientists), were used:'1000 Mg Pig and 10,000/pg Pig of dry
Samples were pretreated for textural analysis sediments. Desorption studies were 'conducted

by oxidizing organic matter with H202, followed to evaluate the potential release of original and

by dispersion of mineral matter with Calgon (so- added inorganic P. Desorption of original P was

#13
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TIdeteriiiined by equilibrating for 24-hr-a wet. sedi- Koocdnusa sedliments-ilH, percefif' CatO,, br-
ment samiple containing_1 g of~dry weight sedi- ganic ifltter and tekx'ural types) Are given in

A mentin a total:of 50 ml of a 0A M NaCI solution. Table 2. Buffering by CaCO, ii evidenced by the
~ iDesorption studies of Added- P were tond'ucted uniform and. neutral pH of all the sedimeits, ff

by-centrifuginig the samples used' for the sorp- (Table 2).'
tion studies, decanting- the supernatant, and The organic matt& content of the s'edimernts is
weighing, the samples f'bi the- determinAtion of generAlly' quite low, ranging frofn 0.47 to 2.3% .

the water trapped in the'sediments. Desorption with a mean~ of 1.08 1 0.41 %. The low organic4
studies of added P were similar to those for the content of t&s6 sediments.is suggestive~of.k
originally bound P; howvevei, the total amhount Iof lake productivity but may, Also bt' the result of
P desorbed was obtained hy subtracting the small organic l6ads entering the lake. The higher
amount. of P in .the trapped water from, ,the leyels-of' or'ganic content were found in samples
amount of P in the supernatant after the desorp- tak~n:,from -the middle of the reservoir',at the
tion. 'deeper locations.

Results in this report' Are expressed on a dry- textur;ally,, s0t is: the. largest mineral fraction
weight basis of the sediment,.either As. g/g sOji- in most of the sediments which were silty'clay. "

the lIake (the'ld -river channel) are silt:y clay,_as
woui'd-be expecte~d'due -to- itUrAI gradiiig-and ' i'

RESULTS AND DISCUSSIO'N.. settling. It is importantto, note that the parent '

material for th essd-imehts'is siltstone, and this
At the timfe of sampling, Lake KobcAnusa-ap- probably' inf luences the texture, of',the, bottomq

peared to be a clear. deep-water. oligoteophic sedine'fut§ more than the low sediment- load
reservoir. 'ruh irto'th6 lAke.j

The sediments from the lake are cakareous, ltrbm .a FhnteriAl balance standpoint, it ap-

27.4%, and a mean of 17A8 5.1 % (Table 2). 'these sediments reflect-the d~loiino h
There was no distinct correlation between per- native material in th''rgnlbed and' sur-
cent CaCO, and depth of sedimenOft deposition. rnunding.watershed areas, with limited addition
The physicochemnical prop~erties of',h Lake from lcsoesoures, i.e. Additional mineral

Tbe2. Physicochemicat properties of sediments..

Sample 'CaC6, Org. matter Saud silt. clay

-1> 6,9 .20. 0.47 .48 '36 '16 Loam
2 6.? 18.6 1.17 1i4 2'66 26 'Siit'Iom,
3 6.6 21:5' 0.80 20' '62 1826 l~n

4 69 '6.9 1.2 1 61' 29, Silty claytoi
5 7.0 27.4 0.50 38 47 15 WLain
6 . 6.9 23.5 1.06 8 48 44 Silty loimi
7 6.42 17.1 0.90 34 38 28 cliy,k6aii
8 7,1 .20.0 1.05 26 38 36 Clay loam

9 .5 1.2 1.27 1i 48 34 Silty lyIm
10 6.9 23.0 1.09 8 52 '40 Silty'ciaj'

411 6.95 '18.6 148 .12 50 '42 Silty dlay
12 6.75 11 2.30 16 44 40 Silty clay

'''n ~ 1 . 720 2.7 1.15 6 52 42 Slyta
14 7.15 16.1 1.39 4 52 44 Sity clay
15 6.9 141 1.48 10 44 46 Siy cli'yj
i m.'s 18:6 0.82 18 8 24 44l loan6
'17 7.20 111? t 09 34 32 34 Loamr
18 7.0' 16.6 A0.7 20 s0 30 Silty clay'loam.
19' 7.2 11:.2 1.07 - --

.2- _t.0i 4, ,-.09 5 Sl~om
j~I ". 1 4
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matter from sediment deposition.and additional the surrounding watershed and P in" the sedi-
organic matter from the growth, decay and de- ments in Canada for a better understanding of P
position of benthic or floating flora and fauna, dynamics.

Inorganic P constitutes most of the P present Samples taken from a cross section across the
in these sediments, ranging from 87 to 98% of width of the lake showed both the inorganic and
the total P present, the'remaining portion being total P concentrations to be higher in sediments
organic P (Table 3). Lower levels 'of organic P from deeper sites (old Kootenai River channel)could partly be explained by the low organic than in sediments from shallow benches. this

matter content of these sediments. Since the may be due to higher P loading in the old river[ ,
lake is in an isolated area, the source of high lev- channel, or to the deposition of sediment by nat-
els of inorganic P in these sediments could be ural grading, where P could have originated from
the decomposition of native rocks or enrichment the fertilizer manufacturing -waste or runoff
from the discharge o' P-containingwastes from from the watershed. Since most ortho-P is a
the fertilizer plan! "r Canada. Results of the highly reactive Oropou nd, it is quite likely that
study of the overlying water column suggest the most of the P waste has been sorbed by the sedi-
latter reason; hc.. ever, this is not confirmed by ment within short distances from -the feitilizer
the differeice in the longitudinal distribution Of wastesource in Canada;
P from the U.S.-Canadian border to Libby Dam. There is more Ox-Fe than OxAl in all the ,am-
The concentration of P would be expected to be pies extracted with acid armonium oxalate
higher in the sediments from near the U.S.-Cana- (Table'3). 'This reagent also-extractd61- W 7%
dian border (sample number 1) and' then, de- of the totAlihorganic: Pjexcept insamples1,' and'
crease with distance towards the Foiebay area of, 5, which are' coarse -sediients :rorm ihallowLibby Dam (sample number 20). Analysis, of the areas thatalsocontainedthelowest'imountsof
sediments collected showsno such trend.,Since Ox;Fe. High remi Ova l of ino f8jrnic-P by bk'alate,only the U.S. portion of the lake was-sampled agrees with- other. studies of. 'lake sediments

and the lake extends approximately 46 miles-into (Williamsetal. 1971)and, i, subtintiated by a
Canada at full pool, the P from the fertilizer, good coirelation (r = 0.89) between Ox-P and tol
piant may have been deposited within the Cana- tal inorganic P (Table 4).
dian portion of the lake. Additional work needs Theabilityof acid-ammonium oxalate to~r&
to be done-to establish the background of P in move shortrange-orderFe and Alfrom lake sedi-

Table 3. Phosphoui and oxalate extractable Fe, AI, andP (pgg);

Phosphorus Oxalate extractable. % Ox;P
Sample Total Total "inorg. P 'lnorg ... of total
number inorg, org. Total of total P Fe Al Fe + AI m.P'

1 750 50 800 94 200 1310 100 1410 27
2 950 50 1006 9.5' 700 5800 1* J 6890, 74,

j3 750 50 86 94 415 3260 6-0 3820 3

4 950 50 1000 95 700 4700 1050 5750 74
5 700 12 750 93 226 1700 1380' 12280 31

16 1000 12 5 1125 89 70 1300 160 606 78
1 1 850 25 75 97 920 4500 j30 4830 618 850 2 s 875 97 66 4300 360 446- 8
9 950 50 1500 95 700 1,500 440 7940 7410 1100 2 i 1125 96 760 790 6 8i60" 69

11 1200 50 1250 96 1060 10,90, 1380 12,280 ,l
12 1300 75 1375, 94 90' 10,000 ,1(40 ;1i.40 69,
13 1650 125 1175 89 920 7600 1136; 87 30 88
14 135s0 1.50 150 90 1080 10,0(0 1450 11,450, 60
15 1300 150 1450 90 1060 13,200 440 134.60 82
16 850 125 975 87 520 5300 980 6280 61
17 '1210 165 -1375 ,88 848 7200 980 680 70
18 1000 125 1125 89 80 -9700 1300 1i,000 80
19 950 50 1100, 95 920 7900 1670 9570 97
20 .850 25,__ 875 97 648 _3700 950 _4650_76

5
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Table 4. Simple linear regression and correlation coefficients in-
dicating degree of relationship between P and other sediment
parameters.

Parameters Regression Correlation
tested equation coefficient

1 Ox-P with Ox-Fe Ox-I = 0072 Ox-Fe + 245.65 0.90

2 Ox-P with Ox-Al Ox-P = 0.327 Ox-Al + 430.93 0.60
3 Ox.P with Ox-(Fe+ Al) Ox-P = 0068 Ox-(Fe+Al) - 212.08 0.92
4 Ox-P with total Ox-P = 1.154 total Pi - 429.09 0.89

inorganic P
5 Total inorganic P Total Pi = 0.54 Ox-Fe + 637.36 0.89

with Ox.Fe

6 Total inorganic P Total Pi = 0.0i O,-Fe+AI) + 618.50 0.89
with Ox-(Fe + Al)

7 Total inorganic P Total Pi = -10 414 (%CaCO,) + 1180.51 -0.28
with %CaCO,

8 Ox-P with %CaCO, Ox-P -20.27 (%CaCO,) + 1079.91 -0.42

*Pi = total inorganic P

ments and the importance of these compounds form can develop over a period of time by either

in forming the P-sorbing complex has been re- the slow processes of diffusion or by having a
ported by Shukla et dl. (1971): As indicated by fresh coating over the surfaces which sorbed P.
correlation coefficients (Table 4) for different Calcareous sediments in Wisconsin have-been
sediment parameters, the sediment of Lake Koo- reported to show limited ability to remove V by
canusa also emphasizes the importance of Ox-Fe CaCO, (Shukla et al. 1971, Williams et al, 1971)
and Ox-(Fe+ Al) in sorbing P in lake sediments. where Ox-Fe appeared to be better correlated

Although the amount of CaCO , which has the with native P as well as the determining factor in
ability to sorb added P, far exceeds the amount the removal of added ortho-P from the aqueous- .
of Ox-Fe and Ox-(Fe+AI), correlation analysis phase. As already mentioned and shown in Table I
does not show CaCO, to be responsible for the 4, this also seims to be the case for the calcar-
sorption of P in these lake sediments; i.e., the eous sediments of Lake Kocanusa, where Ox-Fe
variability in CaCO, does not account for any - appears t6 be the dominating parameter as far as 2

I variation in inorganic P. In fact percent CaCO )  its relationship with native P is concerned. Fdr-
has a negative low correlation (Table 4) with ther tudies with and without Ox-Fe in these sedi-

Iboth total inorganic P (r = -0.28) and Ox;P- (r = ments would reveal ,the ability of these sedi- I
1 -0.42). Similarresults were noted by Williams et ments to remove added-ortho;P, as well asthe ' j
V al. (1971). relationship between Ox-Fe and Ox-(Fe+ Al). By ti

On a single component .basis, Ox-Fe is Well analogy to calcareous Wisconsin sediments, it": " ~~~does, howeiver, app earta 2 xF oudpob

correlated to both total P (r = 0.89) and OX-P (r a t Ox-Fe would prob-
= 0.92). Table 4 summarizes-the relatiunships ably emergb-as.the single most imoortantlaram-' E
among various sediment parameters studied in eter governing the chemistry of inorganic P in
this report. Lake Koocanusa sediments. .I

Inorganic P'in lake sediments can exist as "oc
cluded" and "nonoccluded" forms, describing Sorption studies
whether the P is contained in a mineral matrix or Table 5 summarizes the sorption data 4ob-
is associated with amorpho',s or metastable tained from equilibrating sediient samples
complexes present in the sediment respectively, from Lake Koocanusa with 1000-yg P/g sedi-
Unle" P is removed by precipitation as a func- ments ard 10,0000;g Pig sediments. The data in-
tion of the solubility product ot different ini dicate that these sediments have a limited abil--
present in any given like system (e.g., Ca, Fe and ity to sorb added inorgahic P. When 1000 Pg of P
Al in general), the removal mechanism can be was added per g of- sediment, the maximum P

I envisioned as surface sorption on differentsedi- sorbed was 68.% avti the minimum was 22.6%.
ment components constituting the nonocclude'd. At the higher level of P addition, those values
form. From the nonoccluded form, the occluded were 18 and 3.6% respectively.
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Table S. Sorption of inorganic P by sediments from Lake Koocanusa at
two levels of aidded P.

1.000 pg Pig sediments 10,000 yg P/g sediments
Native

Sample pg P sorbedl % of added P pg P sorhedl % of added P inorganic P;"number g sediment sorbed S sediment sorbed (W11)

1 254 25.4 500 50 750
2 471 47.1 400 4.0 950

N 4 358 35.8 750 7.5 950
5 226 22.6 361 3.6 700
6 396 39.b 600 6.0 1000
7 415 41.5 650 6.5 850
8 321 32.1 600 6.0 850 I
9 449 44.9 11SO 11.5 950

10 490 49.0 1300 13.0 1100
11 622 62.2 1100 11.0 1200

' 12 689 58.9 1400 14.0 130
13 - -
14 585 58.5 1750 17.5 1350

4,15...

16 377 37.7 1050 10.5 850
17 481 48.1 1300 13.0 1210
18 556 55.6 1800 18.0 1000

" ,19 .....-

20 283 28.3 1200 12.0 850

As discussed earlier, Ox-Fe appears to be the canusa to sorb added inorganic P did not change
dominating component determining the ability significantly..with, increasing concentrations of
of sediments to sorb added inorganic P. At both .added P. The maxim'um increase-in-P sorption,
levels of P additions, a higher proportion of when the amounts of.P added increased i-fold,
added P was sorbed by sediment samples 11, 12, was noticed with sample 18. In this case a'thre
14 and 18, which also had higher amounts of Ox- fold increase was observed that probably was
Pe (Table 3). Lower amounts of. Ox-Fe in sedi- due to a lower initial inorganic P content.~ment samples 1 and 5 correspond to a lower t:on-

tent of sorbed P in those sediments. Ai- the Desorption studies
_ J 1000- g P addition, good correlation (r -096) Table 6 showsthe amounts of P desorbed (re

between added P sorbed and sediment Ox-Fe leased) from Lake.Koocanusa'. sediments:under
was found. For the 16 sediment samplers studied, different initial conditions. Very small amounts-

this relationship may be described by of initial P were'desorbed from these Sediments
(1 to 2%)..Although some sediments sOrbed coh

added sorbed = 0.0044 (pg OxFe/g siderably higher amounts Of inorganic P than
they originally contai 66d' there wasohly a slight

sediment) + 16.46. increase-in the-,ambunt of P desorbed (Table,6).
, Furthermore, the.amount bfP desorbed was sim-

In contrast there was a negative relationship be- ilar after both levels of P sorption, despite t he
tween P sorbed and CaCO, content of the sedi- fact that generally .higher, amounts of P were
ment (r = -0,21). In this context CaCO, acts as a sorbeo at 10,000pg P/g than at 1000 pg Pig (Tablediluting factor for the sediment's ability to sorb 5). This Zndicatesthat the sediments acted as

- P. sink.
:z " ~The ability of the sediments from'.Lake Koo-

rj 71 -
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table 6. Inorganic P desorption characteristics of sediments frors Lake koocanusa.

numb ::ia~~s;~;tion Equilibrium with Equilibrium with 2 i
Natve__100_y__l sediment 10,000 yg Pig sediment

Sample Desor bed P Percent Desorbed P Percee Desorbed P Percent
numberEO w~ e eopin W e. &ot"n desorption

1 . 84,82 0.6
2 11. 84.1 2.5

3.

5 .95 .%. i 6.3
6 11.785.6 .3b 2.2

a 94.7 'l5.5
8 s2. .3 6s2 .

9 1bbA75 3.6
108 0.7 58 63 2.6
11 16 1.> 6 3' 77 3.4
126 0.5 IA95 3.5

lb1 1.2 67 I'S 41 1.3

i6 10 1.: el 64 3.A
17 18 1 ~ 70 1-1 3.0 .
18 12 1.7 59 ul . 0.4

20 14 6s 5.4 45 2.2 .

CONCLUSIONS ing concentrations but was not significant in

1. In Lake Koocanusa sediment depositionap- 9. The sediments from Lake KOOc~tnusa

pears to be limited, with accumulation occurring sh.owved very little ability to release (desorb) inor-
only on certain flat bo,' '.ms, particularly the old panic P and may be considered a sink.
Kootenai River~ channel.

2. The sediments are fine textured with high RFRNE
2, Th sedment havea by orgREFERattNCES

concer4.'at ions of silt and CaCC'

content and have neutial pH. arhr onde, TJ. and R.M. Bush (1975) Kootenai River-water qual-
ity investigations- Libby Dam prelmpoundment study (1967-
192 Thetet fteAmy etl District, Corps of44cteristic of those of oligotrophic lakes. Engineers.

5.The distribution of P in the sediments along Busth, N.M. and T.l. lon,!(1977) Relating water quality to the
the !ongitudinal section of the lake does not aquatic environment: Libby Dam-Lake Koocanusa Project

clealy eflct he efecs o P nflo ~ m Cll- case study. Proceedings of a Seminar on Water Q uality bafa
ada. Collection and Management, 25-2 jan 7. Denver" Colorado.ada. U.5. Army Corps of Engineers.

6. esi"r .ath.'ly high amounts of CaCO, *ouyoucos. %)j. (1927) The hydrometer as a new method for
in the sediments, no relationship between CaCO, the mechani. al analysis of soils. Soil Science, vol. 25. p.
and the inorganic P in the sedimen.'s can be 343-352.
shown. Hlobble, I.E. (1976) Limnologyof Lake Koocanusa,,Monona

thatmos of he ~orgnicp isas- in Environmental analyses in the Kootenai River region,' yon.
7. I apparstana. U.S. Army Cold Peigions Research and Engineering Lab.

- ~sociated with the Ox-Fe and Ox-Al -fractions of oratory. Special Report 7#Y1J, ADA-033500.
the sediments, generally believed to be highly re- Lee, G.F., W. Nast, and N.A. lonom (1978) Eutrophicationi of
active short-range-order complexes. water bodies; Insights for an age-old problem. Environmental

8. hesedmets ro Lae oocnua hve Science and Technology, vol. 12, p. 900-908,k
liie ablt7osr1dediogncP op Leo, M.W.A4. (1963) Determination of soil carbonates by a

tionof dde P ncrase slghty wth ncras- rapid gasometric method. Journal of Agriculture and Food
tin f dddP nceaedsigtl wt icras Ceisry 8l 11. p. 452-45.
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